The WMAP Q, V, and W band radial profiles of temperature deviation of the cosmic microwave background (CMB) were constructed for a sample of 31 randomly selected nearby clusters of galaxies in directions of Galactic latitude |b| > 30 o . The profiles were compared in detail with the expected CMB SunyaevZel'dovich effect (SZE) caused by these clusters, with the hot gas properties of each cluster obtained directly from X-ray observations, and with the WMAP point spread function fully taken into consideration. While the WMAP profiles of some clusters do exhibit the SZE, the phenomenon is also noted to be weak or absent from other clusters. Reliable conclusions can be drawn from the combined (co-added) datasets of all 31 clusters, because (a) any remaining systematic uncertainties are low, and (b) the data are extremely clean (i.e. free from foreground contaminants). Both (a) and (b) are facts which we established by examining hundreds of random fields. The verdict from the 31 co-added cluster fields is that the observed SZE only accounts for about 1/4 of the expected decrement. The discrepancy represents too much extra flux for optically thin intracluster thermal emission to be the cause. Radio sources (discrete or halo) are also excluded because they have negative sloping spectra which are inconsistent with the ratio of the signals in different WMAP filters. This is the first time an indepth investigation of the SZE was performed. Our efforts may also have been the first direct measurement of the scale height of the CMB. The fact that there is at best only partial silohuette by the nearby clusters suggests an origin of the CMB unrelated to the Big Bang. A substantial fraction of the radiation may -2 -have nearby associations. Alternatively, one must invoke the unlikely scenario of a hitherto unknown problem with WMAP which prevents it from fathoming degree-scale CMB temperature fluctuations properly and reliably.
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Introduction
The cosmic microwave background (CMB) is by now almost universally accepted as the relic radiation of the primeval fireball, the signal that lends great support to the Big Bang model. The latest all-sky observation of anisotropies in the CMB by the WMAP mission were instrumental towards the establishment of the standard cosmological model, according to which the Universe comprises principally of dark matter and dark energy, and underwent a period of inflation (Spergel et al 2003 , Page et al 2003 . Direct evidence for the cosmological origin of the CMB remains lacking, however. If the radiation originated from a great radius, at a time when the Universe was smooth, it should be reprocessed by the intervening clumps and voids at lower redshifts. While e.g. signatures of frequency fluctuation due to the gravitational scattering by moving clumps may be difficult to detect (Birkinshaw & Gull 19) , the dispersion in the sizes of the CMB anisotropy by gravitational lensing is large enough an effect for manifestation in the WMAP data. The expected signal is absent (Lieu & Mittaz 2005) , which presents a puzzle, though perhaps not one of sufficient impact to be a formidable case on its own against the large body of indirect evidence supporting the Big Bang association of the CMB.
A reliable way of clinching the scale height of diffuse radiation is the technique of silohuette by foreground structures at known separations from us. One recent example of such an application is the discovery of a shadow in the soft X-ray background cast by a molecular cloud -the Draco nebula -which delivered the surprising verdict that a substantial fraction of this radiation is emitted from behind the other side of the Galaxy (Burrows & Mendenhall 19) . In the case of the CMB, silohuette arises from the Compton scattering by free electrons in the hot (X-ray temperature) plasma of clusters of galaxies, which removes Raleigh-Jeans black body flux in the direction to a cluster and leads to an apparent decrease in the CMB temperature -a phenomenon known as the Sunyaev-Zel'dovich effect (SZE) . By now, the degree of SZE is highly predictable for many clusters of galaxies, because their hot intracluster medium (ICM) properties are well measured by X-ray satellite missions. Since the distance to clusters are also well determined, it is indeed possible to set credible limits on the CMB distance scale directly, by detailed comparison of such predictions with WMAP observations.
In the present work we propose to perform the first of such a detailed comparison. Of course, among the earlier papers that involved satellite data (see section 6 on interferometric techniques), the X-ray morphology and spectra of many clusters were already investigated in depth, while marginal detections of the SZE by WMAP were reported for individual and entire ensemble of clusters (Bennett et al 2003b , Myers et al 2004 . But the WMAP SZE signals have not been cross-checked rigorously enough with the corresponding expectation from the observed X-ray properties of the clusters in question, to see if good agreement exists between the two. It is only through a comprehensive two-front approach can one hope to address the problem of the CMB distance scale -the task is nevertheless completely well-defined and tractable.
2. The cluster sample and predicted SZE profiles from X-ray data
The sample employed for our purpose is the Bonamente et al (2002) catalog of 38 nearby clusters of galaxies (hereafter simply referred to as the Bonamente sample) located in directions of high Galactic latitude (|b| > 30 o ) and low column density of Galactic neutral hydrogen. The rationale has to do with our original intention of using the SZE as a sensitive probe of any extra baryonic matter that may exist in the outskirts of clusters in the form of a warm gas. Since this aim yielded later to a much more surprising discovery we will no longer discuss it, except to mention that there is no reason why the members of the Bonamente list should constitute a biased sample in any way, as far as their utility as a probe of the CMB distance scale is concerned. To the contrary, their high |b| location means that the WMAP data for these clusters have minimal Galactic foreground contamination problems.
In order to assess whether the temperature feature recorded by WMAP at the position of these clusters is consistent with SZE from the X-ray emitting hot ICM, it is necessary to first determine the radial distribution of the hot ICM density of each cluster. This is done using the data of X-ray observatories. In particular, we employed the ROSAT database, because the ROSAT XRT has a sufficiently large field-of-view to enable background determination even for the very extended nearby clusters in the sample, such as Coma. For clusters without a 'cooling flow', the standard isothermal β-model is fitted to the X-ray surface brightness I X (θ) in the entire region from the X-ray centroid θ = 0 to the background. Specifically three parameters are fixed by modeling the brightness profile:
where θ c is the core radius, n 0 is the central electron number density, and β is the decay index. The temperature T of the clusters were provided in Bonamente et al (2002) . It was measured by ROSAT, though ASCA data were used when a cluster's ICM is too hot for ROSAT's passband. With the advent of Newton and Chandra, the reported temperatures corroborate ASCA but are generally slightly higher than the ROSAT values. Since the SZE depth enhances with increasing T , the Bonamente temperatures are in fact too conservative for estimating this depth.
For 'cooling flow' clusters, the central region where cooling occurs is excluded from the modeling, which leads to spiky positive fit residuals in such regions. The procedure also results in an underestimate of the SZE at the center of a 'cooling flow' cluster, because the predicted CMB temperature drop is ∆T (θ = 0) ∝ n 0 T and, in the central cooling region n 0 typically rises by one order of magnitude while T drops by a factor of two. Thus our use of n 0 and T the values as inferred from the outer parts of a cluster would again lead to an unwarranted reduction (i.e. over conservative estimate) of the predicted |∆T (θ = 0)| by a factor of a few. The ROSAT radial profiles of all the participating clusters from the Bonamente sample are shown in Figure 1 . The best-fit β-model parameters, together with other essential details of each cluster, are to be found in Table 1 , where a spot check against Briel & Henry (1996) reveals reasonable agreement with their values of n 0 = 3.15 ± 0.29 × 10 −3 cm −3 , θ c = 5.15 ± 0.46 arcmin, and β = 0.93 ± 0.04 for A1795.
The predicted SZE as a function of angle relative to the cluster center direction is given by ∆T (θ)
where x = hν/kT CMB with ν being the mean frequency of the WMAP observing filter, σ Th is the Thomson cross section, l is the pathlength through the cluster along our off-axis sightline, and the electron density is
with r = r(l, θ) as the radius. The integration of Eq. (2) was performed analytically by previous authors, resulting in an expression for ∆T (θ)/T CMB which depends on n 0 , β, and the core radius r c = Lθ c where L is the distance to the cluster, see e.g. Refregier, Spergel, & Herbig (2000) . We will not repeat these earlier calculations, except to say that upon application of our Coma cluster β-model parameters to the analytical formula we obtained ∆T (θ = 0)/T CMB ≈ −590 ± 170 µK at the WMAP frequency of ν = 41 GHz. This compares well with the estimate by other groups, such as the value of ∆T (θ = 0)/T CMB ≈ −507 ± 92.7 µK at 32 GHz as obtained by Herbig, Lawrence, & Readhead (1995) .
3. The cluster WMAP temperature profiles; effect of the point spread function
To examine whether the WMAP mission detected temperature variation in the fields of the Bonamente sample we extracted 'thumbnail' images (small maps) from the WMAP first year database centered at the X-ray centroids of the 38 clusters, i.e. the coordinates as listed in Table 1 . Clusters with bright radio sources along their sightlines (Virgo, A21, A1045) are excluded from further analysis. In addition, Fornax, A1314, and A1361 were excluded due to difficulties in estimating the uncertainty in the X-ray brightness distribution. Lastly, Hercules was not considered because the exact location of the cluster emission could not be identified unambiguously. For the remaining 31 sample members radial profiles of the mean temperature deviation over concentric annuli are computed after removing the dipole and quadrupole components, and plotted in Figure 2 , where the error bars for each radius interval reflect an antenna noise which scales as the inverse-square-root of the number of observations of the sky area. We restrict attention to the cosmological bands of Q, V and W, since the K and Ka bands are dominated by Galactic foreground emissions and absorptions (Bennett et al 2003a,b) . The error bars for each radius interval reflect an antenna noise which scales as the inverse-square-root of the number of observations of the sky area.
In order to compare any spatial features seen at a cluster position with the expected SZE behavior, it is necessary to take into account the WMAP point spread function (PSF). For each of the three filters we computed the average brightness profile from 15 point sources and fitted it with a gaussian function as shown in Figure 3 . It was possible to perform the averaging of these profiles because they all compare well with each other statistically, even though the sources are located at very different parts of the sky, with the highest being at Galactic latitude |b| ≈ 74
o . This indicates that the performance of WMAP in spatially resolving CMB temperature variations is consistent across the sky. The SZE profile of each cluster as inferred from Eq. (2) and Table 1 is convolved with the PSF of the appropriate filter. A test of the correctness of our procedure was done by adopting the β-model in Figure  1 (c) of Myers et al (2004) . After convolving this model with the W-band PSF, our results are plotted in Figure 4 . It bears close resemblance to the corresponding profile in the Myers paper.
With the assurance of the aforementioned cross-checks the expected SZE decrement for each cluster is seen overplotted in Figure 2 , where the unperturbed 'continuum' is aligned with the average temperature deviation in the outermost (2 o -3 o ) annulus. The co-added model and data profiles for each filter is shown in Figure 5 . In all plots the error bars for each radius interval reflect an antenna noise which scales as the inverse-square-root of the number of observations of the sky area. An analysis of the r.m.s. (radial) bin-to-bin variation of the profile of many co-added random fields, a topic to be discussed more fully in the ensuing sections, reveal that the fluctuations of neighoring radial bins are largely uncorrelated. This enables us to evaluate the formal statistical significance of the overall detection of a broad temperature decrement feature in the composite radial profiles ( Figure  5 ). The results are given in the caption of Figure 5 . Note that the numbers shown there do not reflect systematics effects in the WMAP data.
Systematic CMB temperature variation from WMAP random fields
From the graphs in Figure 2 , a broad CMB temperature decrement positionally coincident with the cluster and of commensurate spatial extent as the cluster size is apparent for some clusters, such as Coma, A1795, A1413, A2199, A2219, and A2255. On the other hand, there are clearly counter examples like A85, A1367, A1689, A2029, A3301, A3558, and A3571. There are also clusters that fall within a 'grey' zone where no judgement can be made at all. Apart from some clusters having small expected SZE amidst poor signal-tonoise, another key problem that weakens any case for an individual cluster is the ambiguity in the CMB temperature 'continuum' appropriate to the observation. In fact, we are dealing with a non-trivial systematic uncertainty which can only be understood by examining many randomly chosen fields across the WMAP sky with |b| ≥ 30 o . For this reason we constructed radial profiles for 100 of such fields.
A plot of the r.m.s. variation (from one random field to another) of the temperature difference at each radial interval is shown in Figure 6 , where it is evident that systematic effects at the level of 0.1 mK are commonplace among the smaller radius annuli. To be even more specific, we display in Figure 7 the radial profiles of four random fields. It can be seen that degree-scale modulations are frequently present, with an amplitude of ≈ 0.1 mK, often found at the θ = 0 (i.e. on-axis) position. The phenomenon pertains to the most prominent fluctuation in the WMAP data -the primary acoustic peak -which has an amplitude of ∆T ≈ 0.1 (or ∆T /T CMB ≈ a few × 10 −5 , see . Thus, when a single cluster field exhibits some broad central 'bump' it is not necessarily the signature of an emission source; in fact we shall demonstrate that for our cluster sample as a whole the discrepancy between predicted and detected SZE profiles cannot be due to line-of-sight emissions. Likewise, the existence of a central trough may also be caused by primordial acoustic oscillations rather than the SZE. The only way of knowing whether there is consistency between the WMAP data and cluster SZE's is to examine the co-added profiles of all the clusters, when the systematic effects which prevent one from determining the 'continuum' level can largely be suppressed.
In order to be certain that the temperature does stabilize among co-added fields we generated average radial profiles of 33 random fields at a time, Figure 8 . If the primary acoustic peaks and troughs are stacked with arbitrary central alignment in this way, one would expect the fluctuation amplitude to be reduced from the ∼ 0.1 mK value by a factor of ≈ √ 30, to about 0.02 mK. This is completely borne out by our averaged random profiles, which also indicate that towards the larger (2 o -3 o ) annuli the CMB temperature deviations from the global mean value are very uniform, hovering close to zero. By the time 100 randomly generated profiles are averaged, the data points are smooth throughout all radii, Figure 8 . With the help of these plots (of the merged 100 fields), wherein the systematic variations are no longer a problem, we could verify if the error bar on each radial bin (antenna random noise) is independent of other bins. The answer is yes, because the r.m.s. scatter among the data points is found to be consistent with the size of the error bars.
Returning now to the averaging of 33 random fields, Figure 8 , the residual excursions in the data are important towards understanding the radial profile of the co-added cluster fields, Figure 5 . This is because both Figures involve the stacking of a similar number of WMAP fields. Since the magnitude of any systematic departures from smoothness in Figure  8 is far less than the discrepancy between observed and expected SZE in our cluster sample, Figure data are important towards understanding the radial profile of the co-added cluster fields, Figure 5 , one must conclude that the apparent incomplete SZE silohuette of the CMB flux by clusters of galaxies is not due to intrinsic sky variations in the CMB temperature recorded by WMAP, i.e. it is a genuine anomaly which deserves an explanation.
Interpretation, revisiting the question of the cosmological origin of the CMB
As noted in section 1, the method of silohuette of diffuse radiation background by objects at known distances offers a powerful way of determining the depth of emission of the radiation which is hard to argue against. Nevertheless, the CMB has for a long while being regarded as a phenomenon of 'special' status, so that we must first explore less drastic interpretations of the present findings.
How can one reconcile the notion of a cosmological CMB origin with Figure 5 ? It is possible that despite many generations of X-ray observatories measuring the X-ray properties of clusters with remarkable detail we are still misled by large errors on the hot ICM parameters. Since we employed the X-ray data from deep pointings of individual clusters to characterize the hot ICM, unless there are specific reasons as to why such data are also grossly wrong, this has to be treated as an unlikely scenario. In fact, as described in section 2, the only important omission from our analysis is the central 'cooling flow' region of some clusters, which actually resulted in an underestimation of the SZE. Note especially that sightlines through the cooling core of a cluster are sensitive to (from the SZE standpoint) the high electron density there, and not to the projected effects of electrons elsewhere. If the core were to be taken into account the central SZE will increase, leading (via the WMAP PSF) to the deepening of the entire profile.
Another alternative explanation is the presence of foreground emission sources which contaminated the WMAP signals. In the restricted venue of the center of the Coma cluster Herbig, Lawrence, & Readhead (1995) measured a SZE of -270 µK when the prediction is ≈ -500 µK. The authors attributed the discrepancy to radio sources located along the central sightline but not members of the cluster. If, in general, line-of-sight sources unrelated to the clusters are bright enough to affect the WMAP data, the phenomenon should also be present among non-cluster directions, i.e. one should expect the same level of contamination to exist in the WMAP random fields. There is however no evidence for this, because the radial profiles of the ∼ 30 accumulated random fields reveal an average temperature deviation of ≈ 0.005 K for the three cosmological bands of Q,V, and W (see Figure 8) , which is on par with the average asymptotic deviation among the co-added cluster fields. Moreover, such amounts are far less than the discrepancy between the predicted and observed SZE of Figure  5 .
On the other hand, could the sources be coming from the clusters themselves? If they are radio sources (discrete or halo emission) the flux spectrum would scale as
where α ≈ 2, to be contrasted with low energy (Raleigh-Jeans) black body radiation where
Thus a radio source would be distinguished by its larger V to W band flux ratios, which even in the case of α = 0.5 is a factor of three more than the corresponding ratio for Raleigh-Jeans spectra. Since the observed ratio of V:W for the 'extra' radiation component that may account for the discrepancy in Figure 5 is close to the black body limit, see Figure  9 , we conclude that the resolution does not lie with radio sources. Bright discrete sources with thermal-like spectra could be responsible, yet even ULIRGs (ultra-luminous infra-red galaxies, Lutz et al 1999) have negative spectral slopes which are far from a Raleigh-Jeans ν 2 dependence. Genuine cluster thermal radiation can also be considered. Their origin would be the hot ICM and gas within member galaxies. The flux here tends to be very low, however, because the emission is optically thin. The 50 GHz flux from e.g. the low energy bremsstrahlung tail of a kT = 5 keV hot ICM is some eight orders of magnitude beneath the CMB flux at the same frequency.
Finally, one could ask if photon populations other than the CMB may exist to interact with the energetic ICM electrons. Whether we are dealing with 'upward' or 'downward' scattering, once again the problem lies with insufficient seed photon flux at frequencies well below and above the WMAP passbands. This is the reason for the general belief that cluster SZE should cause a clean silohuette of the CMB.
Owing to the powerfulness of the silohuette technique as a means of determining the distance scale of diffuse emission, the conclusion of a Big Bang unrelated origin of the CMB appears difficult to avoid. The question may be raised on how the CMB, with a sky averaged spectrum matching that of a perfect black body (Fixsen et al 1996) , could exhibit a partial SZE decrement, because black body radiation is not a volume effect which can trivially be separated into foreground (unsilohuetted) and background components. The solution to this problem may still require a cosmological origin of the CMB, but is beyond the scope of this paper. Yet two points are noteworthy here. First is that the Big Bang scenario remains excluded from the new CMB/cosmological association. Secondly, it is also possible that such an undertaking may not be necessary at all. The reason has to do with the weak overall detection of SZE across our entire cluster sample -the measured decrements of Figure 5 are not inconsistent with the systematic variations in the CMB average radial profile for a commensurate number of co-added random fields, Figure 8 . Of particular concern are the data of the W-band, which is the passband containing the cleanest extragalactic signals . The statistical significance of an overall W-band SZE detection is < 3 σ (see the caption of Figure 5 ), when the expected effect is far larger. Thus one may take even the view that there is in fact no strong evidence for an emission origin of the CMB at locations beyond the mean redshift of our cluster sample (i.e. z ≈ 0.1), when the aggregate behavior of all the clusters rather than individual cases is considered. If the CMB photons are created completely locally, the problem with stacking black body spectra will not longer be with us at all, although it is our belief that any eventual solution must explain both a nearby and distant origin of the CMB within the context of a perfect all-sky black body spectrum.
Conclusion
In conclusion, it is through the first detailed and extensive comparison ever between Xray and microwave observations that we discovered a sample wide discrepancy between the expected and measured levels of SZE from some of the best known clusters of galaxies. Unless there remains performance issues to do with WMAP which have hitherto been overlooked, the question concerning whether the CMB is truly the definitive piece of evidence that proves the correctness of the Big Bang model is hereby raised in a serious way by this research team for the first time. If WMAP has hidden problems that prevents it from properly charting degree scale structures, one must then ask to what extent can the acoustic peak data be trusted.
The SZE has been detected in a large number of high-redshift clusters using interferomeric techniques of higher resolution than the WMAP data (e.g., Carlstrom et al. 1996; Joy et al. 2001; Reese et al. 2002; Bonamente et al. 2005; LaRoque et al. 2005) . Comparison of radio interferometry and X-ray data for the same clusters show that SZE-derived and X-ray derived masses and gas fractions are in agreement LaRoque et al. 2005) , and allows for a reliable determination of the cosmic distance scale (Reese et al. 2002; Bonamente et al. 2005 ). There is not necessarily a conflict between our present results and the previous reported SZE detections for individual clusters. Indeed, as can be seen from Figure 2 , many of the clusters in our sample do exhibit the effect at ∼ the anticipated level. The difficulty lies with the average behavior of our randomly selected sample, which can be due to systematic yet hitherto unknown effects of the WMAP data, or to a non cosmological origin of part of the CMB. In the latter case, the published model constraints based on the cosmological origin of the SZE will need to be revised, and the consistent cosmological picture provided by SZE interferometry, see references above, will render this scenario even more intriguing. Fig. 2 .-WMAP Q, V, and W band radial profiles of the CMB temperature deviation (from the all sky mean value) as averaged over concentric annuli centered at the positions of the 31 clusters employed in our analysis. The data were plotted after subtraction of the contribution from the CMB dipole and quadrupole anisotropy. The solid line gives the SZE temperature decrement profile expected from the hot ICM with properties determined by X-ray observations (including the ROSAT β-model of Figure 1 ) and displayed in Table 1 . Dashed lines mark the 90 % error margin on the prediction, based upon uncertainties in the observed hot ICM parameters. The continuum level for the predicted SZE profile is fixed by aligning it with the average temperature deviation in the outermost (2 o -3 o ) annuli. This is a reliable procedure because, according to the analysis of random fields the large annuli averages stabilize to values near zero, see Figure 7 . o data, which is at a level higher than that of the central 1 o data points by 9 σ (Q), 4.2 σ (V), and 2.3 σ (W). This alignment procedure is justified by Figure 7 . There, 33 random 
